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Abstract 

Micromesh Gas Amplification Structures (Micromegas) are being used in 
an increasing number of Particle Physics applications since their conception 
fourteen years ago. More recently, they are being used or considered as 
£>y readout of Time Projection Chambers (TPCs) in the field of Rare Event 

searches (dealing with dark matter, axions or double beta decay). In these 
experiments, the radiopurity of the detector components and surrounding 
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materials is measured and finely controlled in order to keep the experimental 
background as low as possible. In the present paper, the first measurement 
of the radiopurity of Micromegas planes obtained by high purity germanium 
Q . spectrometry in the low background facilities of the Canfranc Underground 

Laboratory (LSC) is presented. The obtained results prove that Micromegas 
readouts of the microbulk type are currently manufactured with radiopurity 
levels below 30 /^Bq/cm 2 for Th and U chains and ~60 /iBq/cm 2 for 40 K, 
already comparable to the cleanest detector components of the most stringent 
low background experiments at present. Taking into account that the studied 
readouts were manufactured without any specific control of the radiopurity, 
it should be possible to improve these levels after dedicated development. 
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1. Introduction 

The quest for the direct detection of dark matter in the form of Weakly 
Interacting Massive Particles (WIMPs) [1], the search for the neutrinoless 
double beta decay (Ou/3/3) [2| or other experiments involving very low rate 
processes (the so-called Rare Event searches) impose very challenging ex- 
perimental requirements. The most important of these requirements is the 
reduction of experimental backgrounds down to ever- decreasing levels. The 
fight against backgrounds is performed in several ways, including active and 
passive shielding, operation in underground sites, event discrimination and 
especially selecting carefully the materials composing the detector and those 
in the surroundings so that they have the lowest radioactive traces that could 
induce background in the experiment. All these practices have evolved to- 
ward a technical field itself, usually called ultra-low background techniques 
[o|, |^J. 

It is nowadays an adopted practice within low background experiments to 
exhaustively screen all materials and components present in the inner part of 
the experimental set-up. Several detection techniques have been developed 
and used for low level counting in the last three decades like for example pro- 
portional counters or Nal(Tl) detectors. Nevertheless, 7-spectrometry using 
germanium detectors is, in most of the cases, the best way to make radiopu- 
rity measurements in a non-destructive way due to good intrinsic features of 
these detectors like their energy resolution. Gamma spectrometry, together 
with neutron activation analysis or mass spectrometry, are at present the 
most commonly used techniques in order to determine the radioactivity level 
of different materials. 

For the latest generation of Rare Event experiments, the requirements for 
radiopurity are so strong that this constitutes an important selection criteria 
for the detection technique itself. Compact and simple detector set-ups are 
preferred as they are supposed to be better subjected to radiopurity valida- 
tion, i.e. scrupulous screening of all detector components, identification of 
potential sources of radioactivity and development of substitute radiopure 
components if possible. Complex detectors are, a priori, more likely to con- 
tain radioactive materials in their fabrication and it is therefore more difficult 
(or impossible) to develop radiopure versions of them. This argument gets 



stronger when larger detector masses and volumes are needed, as is the case 
of the new generation of Rare Events experiments. 

Although gaseous Time Projection Chambers (TPCs)could offer unique 
features to Rare Event detection (as it will be described in Section [2]), they 
have been historically considered not suitable for these searches. The rea- 
sons for this are mainly the complexity that the construction of readouts 
based on one or several plane of wires (Multi Wire Proportional Chambers, 
MWPC) implies when it comes to large volumes of detection, mechanical 
and electronics-wise; but also issues related to the large volumes (e.g. diffi- 
culty to shield) and other features of the detection in gas (e.g. stability and 
homogeneity issues) which are not best suited for very long exposure high 
sensitivity operation. 

However, this view is changing in the last years, thanks to several develop- 
ments on TPC readouts, like the ones regarding Micromegas (Micromesh Gas 
Structure) readout planes, briefly explained in Section [31 that are overcom- 
ing the traditional limitation of gas TPCs for Rare Event searches. Indeed, 
several ongoing initiatives plan to use TPCs, and in particular Micromegas 
readouts, in the field of Rare Event searches as briefly explained in section 
|2j The present work is focused on a point of common interest for all these 
experiments: the radiopurity of Micromegas readouts themselves. The ulti- 
mate goal of this line of development is not only to assess the radiopurity of 
every type of current Micromegas readout (that has been partially studied 
and is presented in this article) , but also to identify the less radiopure compo- 
nents (whether raw materials or fabrication processes introducing radioactive 
traces), find alternative, more radiopure ones and to implement them in the 
manufacturing processes. 

In this article first results of measurements of Micromegas samples per- 
formed in the Canfranc Underground Laboratory (LSC) with an ultralow 
background high purity germanium detector are presented, including a first 
assessment on the state-of-the-art of Micromegas fabrication processes from 
the point of view of potential radiopurity. In section |2j a summarized re- 
view of utilization of TPCs for Rare Event searches and the improvements 
achieved is presented. Section [3] presents a description of the Micromegas 
readouts and some details on the fabrication materials and processes that 
may be of relevance for the goal are given. The experimental set-up used to 
carry out the measurements as well as the description of the samples mea- 
sured is described in section HI while the obtained results are presented in 
section To finish, preliminary conclusions and outlook are developed in 



section EJ 

2. Gas TPCs for Rare Event searches 

It has long been recognized that gas TPCs could offer unique features to 
Rare Event detection. Gas TPCs provide very useful topological information 
that allows better identification of Rare Events discriminating them from 
background events. In the field of Dark Matter WIMP detection, although 
tests are ongoing with directional-sensitive solid detectors or nuclear emul- 
sions [5], gas TPCs present the most promising technique to measure the 
direction of the WIMP-induced nuclear recoils. After a WIMP collision, the 
nuclei recoil with typical energies of 1-100 keV, travel distances of the order 
of few 100 A in solids, while in gases this distance can go up to the mm or 
cm scale, depending on the type and pressure of the gas. An accurate mea- 
surement of the recoil direction would provide an unmistakable signature of a 
WIMP, which no terrestrial background could mimic [6] . In the decade of the 
1990s, only one group, the DRIFT collaboration |2J, was exploring the use of 
MWPC-read TPCs for this purpose. Despite very recent encouraging results, 
the accurate measurement of the direction of low energy nuclear recoils with 
MWPCs remains very challenging. Due to the mechanical limitations in the 
construction of the planes of wires, the best readout granularity achievable 
by these devices lies in the mm scale, very limiting, if not insufficient, for an 
accurate imaging of nuclear recoil tracks. Only the advent of micropattern 
readouts and Micromegas-like structures, has recently allowed more groups 
to further explore the detection of WIMP directionality with gas TPCs [5|, |8j. 

In the search for the 0uf5/3 decay a similar situation can be drawn. The 
topology of the 0v/3(3 signal in a gas TPC with a proper 3D readout (two 
electron tracks ending in two ionization blobs) is a powerful tool for back- 
ground event rejection and signal identification. This fact was proved in the 
1990s by the Gothard xenon gaseous TPC, which aimed to measure the Ovfifl 
signal of the 136 Xe [9j. This experiment was an important milestone, success- 
fully demonstrating the proof-of-principle. However, the technique was not 
further pursued because of the drawbacks of MWPCs and TPCs mentioned 
above, and the fact that the obtained energy resolution of MWPCs in Xe 
was insufficient for the next generation of double beta decay experiments. 

However, in recent years important technical advantages in the readouts 
of TPCs have been achieved that may eliminate the traditional limitations 
of these detectors, opening new windows of application for them. In par- 



ticular, Rare Event searches could now profit enormously from the signal 
identification potentiality of gas TPCs. The key issue that has boosted the 
development activities of these devices has been the use of metallic strips or 
pads, precisely printed on plastic supports with photolithography techniques 
(much like printed circuit boards). These strips substitute the traditional 
wires to receive the drifting charge produced in the gas. The simplicity, 
robustness and mechanical precision are much higher than those of conven- 
tional planes of wires. Around this basic principle, first introduced by Oed 



10| already in 1988 under the name Microstrip Gaseous Chamber (MSGC), 
several different designs have been developed, which differ in the way the 
multiplication structure is done, and that in general are referred to as Micro 
Pattern Gas Detectors (MPGD). One of the most promising MPGDs, and 
certainly the one offering most attractive features for application in Rare 



Events, is the Micromegas readout plane [11 . 

The Micromegas concept dates back to 1996, but since then it has been 
constantly and substantially improved, especially regarding the manufac- 
turing techniques (see later in section [3] for more details). The first real 
application of Micromegas detectors in a Rare Event experiment has been 



in the CERN Axion Solar Telescope (CAST) at CERN [l2|, lllM. CAST 



used a single low-background Micromegas detector since 2002 [15[ and three 



of them since 2007 [16] . CAST has been a test ground for these detectors, 
where they have been combined with low background techniques like the use 
of shielding, radiopurity screening of detector components or advanced event 
discrimination techniques. The last generation of CAST Micromegas detec- 



tors are providing outstanding low levels of background 17] ■ The experience 
in CAST has clearly proved the interest of Micromegas detectors for low 
background applications. 

This has already been acknowledged by a number of groups that are 
proposing or considering Micromegas-based TPCs for Rare Event searches. 
In WIMP dark matter searches, the above mentioned DRIFT collaboration 
has recently demonstrated experimentally that the experiment's basic tech- 



nique (the negative ion TPC concept) works with Micromegas planes [18 
and could consider Micromegas for future prototypes. The MIMAC exper- 
iment [19] has successfully built a micro-TPC with Micromegas readout to 
measure nuclear recoil tracks in Helium. The Japanese NEWAGE experiment 



201 ] is developing a similar detector with a micro-dot readout, another type 
of MPGD. The DMTPC collaboration, although testing a different approach 
based on optical readouts (CCD), uses also a Micromegas-like structure to 



produce the scintillation to be read [8(. In the field of 0v[3f3 decay recent 



proposals like those of NEXT 21] or EXO [22| collaborations have resusci- 
tated the old xenon gas TPC but in the context of the newest advances in 
TPC readouts, and are considering Micromegas as an option for their TPCs. 
Very recent developments seem to gather experimental evidence of enhanced 



energy resolution for Micromegas detectors also at high energies [23|], when 
compared to MWPC or other MPGDs, which make them particularly suit- 
able for Ou/3/3 searches. 

3. Micromegas readout planes 

The Micromegas [24J . |25| readouts make use of a metallic micromesh sus- 
pended over a (usually pixelised) anode plane by means of isolator pillars, 
defining an amplification gap of the order of 50 to 150 /im. Electrons drift- 
ing towards the readout, go through the micromesh holes and trigger an 
avalanche inside the gap, inducing detectable signals both in the anode pix- 
els and in the mesh. The particular Micromegas amplification geometry 
has numerous advantages that have been studied and widely advertised in 
the literature. They are specially relevant in the context of Rare Events. 



For instance, it is known [25j that the way the amplification develops in a 
Micromegas gap is such that its gain G is less dependent on geometrical fac- 
tors (the gap size) or environmental ones like the temperature or pressure 
of the gas than in conventional MWPCs or other MPGDs based on charge 
amplification. This fact allows in general for higher time stability and spa- 
tial homogeneity in the response of Micromegas, facilitating the scaling-up 
of prototypes as well as long term operation, both issues crucial in Rare 
Event experiments. This same effect is responsible of the generally better 
energy resolution obtained with Micromegas planes, also a valuable feature 
in general for Rare Events, as the detector usually works as calorimeter. In 
particular, it is a very important feature for Ovflfi searches, as only a good 
energy resolution of the detectors will allow separation of the peak of the 
0uf3j3 decay from the tail of the standard 2^/3/5 decay (with emission of two 
neutrinos), which represent an irreducible background to the searched Ozy/3/3 
mode |2J. 

Practical manufacturing and operation of Micromegas detectors have 
been extremely facilitated by the development of fabrication processes which 
yield an all-in-one readout, in opposition to "classical" first generation Mi- 
cromegas, for which the mesh was mechanically mounted on top of the pix- 
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elised anode. Nowadays most of the applications of the Micromegas con- 
cept for applications in particle, nuclear and astroparticle physics, follow the 
so-called 6u/A;-Micromegas type of fabrication method or the more recent 
micro ?ra/£;-Micromegas. 



The bulk Micromegas [24| provides large area, robust readouts by inte- 
grating a commercial woven wire mesh together with the anode carrying the 
strips or pixels. This is achieved by means of a photo resistive film having 
the right thickness, with which the mesh is laminated at high temperatures 
together with the anode printed circuit, forming a single object. By pho- 
tolithographic methods the photo-resistive material is etched removing the 
material between the mesh and the anode and thus creating the Micromegas 
gap in all the readout area but in some specific spots which are left as sup- 
porting pillars. The result is a robust, homogeneous and reproducible readout 
that can be made up to relatively large areas and low cost, and very little 
dead space. The technique has achieved maturity and bulk-Micromegas in 
large quantities are being used in several particle physics experiments, like 



for example in the T2K experiment [26|. Single unit 6u/A;-Micromegas of 2 x 1 
m 2 are being envisaged for the MAMMA project J27l |. 

The microbulk Micromegas is a more recent development performed jointly 



by CEA and CERN [28|. It provides, like the bulk, all-in-one readouts but 
out of double-clad kapton foils. The mesh is etched out of one of the copper 
layers of the foil, and the Micromegas gap is created by removing part of 
the kapton by means of appropriate chemical baths and photolithographic 
techniques. Although the fabrication technique is still under development, 
the resulting readouts have very appealing features, outperforming the bulk 
in several aspects. The mechanical homogeneity of the gap and mesh geom- 
etry is superior, and in fact these Micromegas have achieved the best energy 
resolutions among MPGDs with charge amplification. Because of this, time 
stability of microbulk is expected to be also better than bulk. On the other 
hand, they are less robust than the bulk and at the moment the maximum 
size of single readouts are of only 30 x 30 cm 2 (the limitation coming from 
equipment and not fundamental). This type of readouts is being used in the 



CAST experiment [15 



However, the most relevant feature of microbulk-M.iciom.egas for the pur- 
pose of this work and in general for application in Rare Events is their poten- 
tial radiopurity. The readout can be made extremely light and most of the 
raw material is kapton and copper, two materials known to be (or to achieve) 
the best levels of radiopurity [29]. Of course, the experience in radiopurity 
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Figure 1: Diagram and dimensions of the germanium detector used to carry out the 
measurements presented in this work and its position inside the copper cryostat. 

tells that every sample needs to be measured and that materials present in 
negligible amounts can account, if they have high level of radioactive con- 
tamination, for the majority of the radioactivity budget of a sample. It is 
necessary to stress that the fabrication methods followed up to now have not 
been optimized from the point of view of radiopurity. Therefore, the results 
here presented have to be taken as typical values for current Micromegas de- 
tectors, expecting to achieve higher radiopurity levels by selecting better raw 
materials or by improving the fabrication processes. A better understanding 
of these ways of improvement is one of the goals of the present work. 

4. Detector set-up and measurements 

All the measurements presented in this work were done using a p-type 
germanium detector with closed-end coaxial geometry and a volume close 
to 190 cm 3 and an approximate mass of 1 kg. The crystal is encapsulated 
in a copper cryostat of 7.8 cm-diameter. Figure [1] shows a diagram of the 
detector and its dimensions and the position inside the copper cryostat. The 
detector is placed inside a shielding composed by 10 cm of archeo logical lead 
and 15 cm of low radioactivity lead (Fig. [2^) - The lead box is closed with a 
PVC bag and a flux of nitrogen gas is continuously introduced to prevent air 
intrusion. The detector is located at the Canfranc Underground Laboratory 
(depth 2500 meters water equivalent) to avoid cosmic radiation. 

The pulses coming from the detector, with an operation voltage of 3500 V, 
pass through an electronic chain composed by a Canberra 2001 preamplifier, 
a linear amplifier Canberra 2020 and an Analog to Digital Converter (ADC) 
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Figure 2: a) Picture of the set-up at the Canfranc Underground Laboratory, showing 
the Ge detector inside the open lead shielding, b) Energy spectrum of a background 
measurement taken during ~1 month. 



Canberra 8075, that is connected to a PC. The DAQ system of the detector 
provides information about energy and time of each detected event to allow 
reconstruction of the energy spectrum, and also to study their time correla- 
tion and further remove artificial events, such as electric noise. The detector 
has an intrinsic resolution (Full Width at Half Maximum) of 2.20 keV at 
122 keV and 2.70 keV at 1332 keV. To determine the detection efficiency, 
measurements with calibrated gamma sources ( 152 Eu and 40 K) at different 
positions have been made; in addition, a GEANT4 simulation application 
has been developed including specifically the detector set-up. The validity of 
this application has been checked simulating all the calibrations done with 
the gamma sources and comparing the corresponding efficiency curves. The 
agreement between simulated and experimental curves is higher than 95 % 
in all the cases. A simulation implementing the measured sample (specially 
geometry and composition) is carried out to determine the efficiency, consid- 
ering a 5 % error deduced from the preliminary tests. Using all the described 
set-up, a background level of 0.5 c/10 keV/day has been measured from 50 
to 3000 keV, the most important contributions being those from 214 Bi, 214 Pb 
and 40 K decays as it can be seen in Fig. [2b. 

The samples measured and studied could be divided in two groups. The 
first of them includes a full microbulk-Micromegas readout plane formerly 
used in the CAST experiment (Fig. Ek). The readout has a complex structure 
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made of three kapton layers (and the corresponding intermediate copper ones) 
glued together in order to constitute the mesh, pillars, anode pixels and 
necessary underlying strip layout. The scheme of the structure of the different 
layers can be seen in Fig. [3^. The main components of this readout are 
copper, kapton (double copper clad polyamide laminate Sheldahl G2300) 
and epoxy (Isola DE156) and it has to be noted that the readout has been 
removed from its support, implying that some additional traces of epoxy, 
used to glue the readout to its support, could remain on it. The second 
sample of this group is part of a classical Micromegas structure. Here, there 
is only the anode layer of a readout that has been used in the first phase 
of the CAST experiment, and there is no mesh in the readout (it has to be 
noted that in this type of classical Micromegas, the mesh was mechanically 
attached on top of the anode plane as shown in Fig. [3b). For this sample, 
the main materials are copper and kapton, although again there could be 
some traces of epoxy since the detector had also been glued on a support. 
For the final purpose of this work, this second sample represents an earlier 
stage in the manufacturing process than the full microbulk structure of the 
first sample, in which further chemical baths have been applied to etch the 
kapton pillars and the mesh structure. Both samples of this group have a 
diameter of 11 cm due to their former application at the CAST experiment 



15[, while the thicknesses are ~145 //m for the microbulk detector and ~60 
/jm for the classical Micromegas structure (see Fig. [3]). The masses are 2.8 
gr for the full microbulk-Micromegas and 2.6 gr for the classical one. 

The second group of samples represents the raw material used in the 
fabrication of microbulk readouts. Both samples consist of kapton metalised 
with copper on one or both sides. One of them has a 25-/im-thick kapton 
layer together with a 5-/im-thick copper one (kapton-copper sample), while 
the second one combines two 5-/im-thick copper layers with a 50-/im-thick 
kapton one (copper-kapton-copper sample). In order to have samples as 
similar as possible to the readouts of the first group, four circles of material 
of the same diameter (11 cm) have been taken, with corresponding masses of 
5.9 gr for the kapton-copper sample, and 4.7 gr for the copper-kapton-copper 
one. The main motivation to consider this group of samples is to determine if 
the contamination present in a detector comes from the raw materials (kapton 
and copper mainly) or from the different treatments needed to complete the 
manufacture of the detectors. 
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Figure 3: Sketch of the two Micromegas from which the samples measured for this study 
were taken: a) a microbulk detector and b) a "classical" Micromegas structure. The 
measured samples include only the components squared in red. 



5. Results and discussion 

The radioactivity of all the samples described in Section [4] was measured 
by placing them close to the closed part of the germanium detector and inside 
the shielding. The main gamma emission lines present in the spectra taken 
with the samples are compared to their corresponding lines in a background 
spectrum (i.e. a spectrum taken without any sample inside the shielding like 
the one shown in Fig. [2b ) to obtain values, or upper limits, of the activities 
of the different isotopes. The gamma lines that, in principle, are studied 
to estimate the activity of each isotope are summarized in Table [TJ The 
analysis of all these lines is especially interesting for the isotopes belonging 
to the natural radioactive chains. This allows determination of the activity of 
the chain but also to detect if there is any isotope breaking the equilibrium. 

The required measuring times are strongly related to the contamination 
of the sample in order to reach a good sensitivity level. For this reason, 
samples expected to have higher levels of contamination need less measuring 
time than more radiopure samples to determine the activities. In any case the 
best scenario is to make measurements long enough, so that the background 
level of the detector and its intrinsic sensitivity is the limiting factor of the 
radioactivity levels obtained, independently of the measured sample. Taken 
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Table 1: Gamma lines (in keV) that are in principle studied to determine the radioactive 
contamination of different sotopes. 



Chain 


Isotope 


Energy (keV) 


238 tj 


234 Th 

226 Ra 

214p b 
214 Bi 


92.5 
186.2 

295.2 351.9 

609.3 1764.5 




235 tj 


143.8 185.7 


232 Th 


228 Ac 

228 Th 
212 Pb 

208 rpj 


338.3 911.2 
84.4 
238.6 
583.2 2614.5 




60 Co 


1173.2 1332.5 




40 K 


1460.8 



this property into account, microbulk-MicromegeiS and Micromegas without 
mesh were measured during 34 and 32 days respectively, the kapton-copper 
layer during 34 days and the copper-kapton-copper layer during 37 days, 
while the background spectra used for the analysis correspond to around 30 
days of measurement taken before and after the sample measurements. The 
obtained results, expressed in activity levels per unit surface, are presented 
for the radioactive chains ( 232 Th, 235 U, 238 U), and for 40 K and 60 Co isotopes, 
being summarized in Table [2J It has been checked that the same activity 
is obtained from all the gamma lines analyzed corresponding to different 
isotopes of the same radioactive chain (summarized in Tabled]). This is an 
indication that that 232 Th, 235 TJ and 238 TJ chains are in equilibrium. 

Table [3] summarizes the contamination for 232 Th and 238 TJ chains in ppb 
and for 40 K in ppm units in order to facilitate the comparison with other 
measurements present in the literature, although it has to be stressed that 
the samples measured are not homogeneous. For this reason the presented 
contamination levels could be not necessarily associated to the bulk of the 
samples, as a ppb quantity induce to consider, and it could be for example a 
surface contamination. 

The results do not show radioactive contamination above the minimum 
detectable level (MDA) of the set-up for the samples of raw material. For 
the Micromegas samples, some contaminations just above the MDA are seen. 
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Table 2: Radioactivity levels (in /zBq/cm 2 ) measured for a Micromegas without mesh, 
a rmcro&uZfc-Micromegas, a kapton-copper raw material foil, a copper-kapton-copper raw 
material foil and those in a PMT used in XENON experiment, taken from [301 ]. 



Sample 


232 Th 


m v 


238-jj 


40 K 


BU Co 


Micromegas 
without mesh 


4.6±1.6 


<6.2 


<40.3 


<46.5 


<3.r 


Micro bulk- Micromegas 


<9.3 


<13.9 


26.3±13.9 


57.3±24.8 


<3.r 


kapton-copper foil 


<4.6* 


<3.1* 


<10.8 


<7.7* 


<1.6* 


copper-kapton-copper foil 


<4.6* 


<3.1* 


<10.8 


<7.7* 


<1.6* 


Hamamatsu 
R8520-06 PMT [30] 


27.9±9.3 


_ 


<37.2 


1705.0±310.0 


93.0±15.5 



*Level obtained from the Minimum Detectable Activity (MDA) of the detector [311 



Table 3: Radioactivity levels (in ppb for 232 Th and 238 U and in ppm for 40 K) measured 
for a Micromegas without mesh, a 77iicro&uZA;-Micromegas, a kapton-copper raw material 
foil and a copper-kapton-copper raw material foil. 



Sample 


232 Th 


238-JJ 


40 K 


Micromegas 
without mesh 


41.4±14.4 


<119.3 


<54.9 


Microbulk-Micromegas 


<72.3 


67.3±35.6 


58.5±25.3 


kapton-copper foil 


<72.9* 


<56.4 


<16.0* 


copper-kapton-copper foil 


<91.5* 


<70.8 


<20.1* 



*Level obtained from the Minimum Detectable Activity (MDA) of the detector [31]. 
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These values are in overall compatible between the two samples, although 
maybe slightly higher in 40 K for the case of the full microbulk readout. This 
fact leads to the hypothesis that current radioactive control of microbulk 
Micromegas is dominated by the added materials in the composition of the 
different layers (like epoxy), or by the chemical treatment for the etching 
processes. This hypothesis should be the starting point of future work to 
further enhance the radiopurity of these readouts. 

Nevertheless, the measured levels of radiopurity are already extremely 
positive. Although the requirements on radiopurity of a detector component 
depend on the specific application in question as well as on the expected 
sensitivity of the experiment, we can generically compare our measurements 
with typical values of surface radioactivity achieved in other kinds of readout 
components. Just for illustration, Table |2] shows radiopurity measurements 
performed on Photomultiplier tubes (PMTs) which are currently in use or 
considered in experiments or projects of Rare Event searches, all of them 
with the highest requirements on radiopurity. In particular, the Hamamatsu 
PMT R8520-06 is being used by the XENON collaboration in their detec- 
tors [30] , and has been the outcome of a dedicated development to produce 
radiopure PMT. An array of these devices are at the core of the XENON10 
detector, currently the most sensitive dark matter experiment, composing its 
light readout. They are also being used in the bigger, and more sensitive, 
XENON100 detector, currently taking data at Gran Sasso. The measured 
radioactivity per unit surface of Micromegas readouts is substantially lower 
that those reported for the R8520-06 PMT, especially for 40 K and 60 Co. Al- 
though they are not compatible (PMTs are developed for light detection and 
Micromegas are charge readouts), the reference values of the R8520-06 PMT 
radiopurity are illustrative as the very low levels of surface radiopurity that 
are tolerable for leading low background experiments. Therefore the state- 
of-the-art microbulk Micromegas are therefore very well qualified for an ultra 
low background experiment. 

The nature of the selected samples, chosen without any special criterion 
regarding manufacture or radiopurity, leads to reasonably expect that even 
lower radioactivity levels could be achieved after some development work to 
identify and eventually remove (or substitute) the limiting components or 
treatments. Therefore, the planned work for the near future includes further 
measurements of individual materials (glues, chemical baths, ...) used in the 
manufacture of the planes from the raw materials, to identify the origin of the 
remaining contamination and, if possible, the identification and use of cleaner 
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alternatives. Since the contamination levels obtained from the samples of raw 
materials (composed by kapton and copper) are limited by the sensitivity of 
the measurements, the use of alternative measurement techniques like mass 
spectrometry, neutron activation or improved Ge detectors are contemplated. 

6. Conclusions 

Micromegas readouts are being considered or used in several Rare Event 
searches, like detection of Dark Matter or 0vf3f3, due to important features 
like its robustness, stability and improved energy resolution. Since one of the 
most important requirements for a detector focused in Rare Event searches is 
a high level of radiopurity, it is important to know, as much as possible, the 
quantity, nature and origin of the radioactive contamination of the readouts. 

With this aim, two different samples of Micromegas readouts have been 
screened, together with some raw materials used for their manufacture, using 
an ultralow background germanium detector located at LSC. The obtained 
results have revealed very low levels of radioactivity coming from natural 
chains (<9.3 //Bq/cm 2 of 232 Th,<13.9 //Bq/cm 2 235 U and 26.3±13.9 /zBq/cm 2 
238 U) being 40 K the highest contamination (57.3±24.8 //Bq/cm 2 ). These 
levels of radiopurity, compatible for both readouts measured, already fulfil 
the requirements demanded by the current most stringent low background 
experiments, demonstrating the high potentiality of the state-of-the-art of 
Micromegas in the search for Rare Events. The fact that the contamination 
levels of the raw materials are below the sensitivity of the detector used, 
indicates that the main contribution to the radioactive contamination (spe- 
cially 40 K) comes from elements used for the treatment of the readouts and 
not from the raw materials. Future work will focus on measurements of 
the component materials separately trying to enclose the main radioactivity 
sources in the readout and to identify possible processes which add impuri- 
ties, even using complementary measuring techniques like mass spectrometry 
or neutron activation analysis to obtain more sensitive results. 
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